transjugular intrahepatic portosystemic shunt (TIPS) placement, cholecystostomy tube placement, percutaneous or laparoscopic ablation of liver tumors, and transarterial chemoembolization (TACE)/radioembolization. Injuries may manifest during the procedures, in the immediate postoperative period, or even months to years later.
Iatrogenic hepatopancreaticobiliary injuries are divided into two main categories: nonvascular and vascular. Management of many of these injuries requires a multidisciplinary approach that is determined by multiple factors, including the type of injury, its location, the patient's clinical condition, and the experience of the interventional radiologist and hepatobiliary surgeon.
1,2
Reviewed here are methods of diagnosis and management of iatrogenic injuries to the hepatopancreaticobiliary system.
Nonvascular Injuries Bile Duct Injury

Etiology
Laparoscopic cholecystectomy is one of the most common causes of iatrogenic biliary injuries. The advent of laparoscopic cholecystectomy has reduced healing times and overall complication rates as compared with open cholecystectomy, but the rate of injury to biliary structures has increased in the laparoscopic era. [1] [2] [3] The reported incidence of iatrogenic bile duct injury is 0.1 to 0.2% with open cholecystectomy and 0.4 to 0.6% with laparoscopic cholecystectomy. 1, [3] [4] [5] [6] [7] A large Swedish study identified older age (particularly older than 70 years) and male sex as risk factors for iatrogenic bile duct injury. 8 Inflammation around the gallbladder, obesity, and anatomic anomalies of the bile ducts and hepatic arteries also result in an increased risk. 9 The classic laparoscopic injury involves mistaking the common bile duct for the cystic duct due to an anomalous insertion of the cystic duct into the common hepatic duct. Resection of part of the common bile duct, common hepatic duct (►Fig. 1), or right hepatic arterial injury may result from this error. Clip ligation of the common bile duct may result in biliary obstruction (►Fig. 2). [1] [2] [3] [4] [5] [6] [7] 9 Laparoscopic cholecystectomy is also associated with a greater risk of cystic duct leak than open cholecystectomy.
2,6
Anastomotic biliary strictures may complicate surgical procedures such as liver transplantation and Roux-en-Y hepaticojejunostomy after common bile duct injury. 10 Less commonly, the strictures are the result of ischemia caused by hepatic artery thrombosis or stenosis. 11 Complications from stricture formation can include cholangitis and secondary biliary cirrhosis.
1,12,13
Biliary duct injury, most commonly seen as biloma formation from bile leak, may also occur after surgical procedures such as hepatic resection and nonsurgical procedures such as ERCP, PTHC, or percutaneous biopsy. ERCP may result in additional complications such as perforation of the pancreatic duct or duodenum (►Fig. 3).
Clinical Presentation
Iatrogenic injuries may be identified during surgery but are more often recognized in the postoperative period.
1,14 Jaundice is the most common sign of a biliary stricture; however, patients may also present with fever and epigastric pain. Often, however, only nonspecific symptoms such as malaise, anorexia, nausea, or abdominal discomfort occur. If a postsurgical drain is still in place, patients with bile leaks will generally have bile in the closed suction drain. If this drain becomes occluded, a biloma or abscess may develop.
7,9,13
Imaging Radiological studies are critical to both the diagnosis and management of iatrogenic biliary complications, as these studies are used to identify and define the extent of injury and assist in planning management. Cholescintigraphy using hydroxy iminodiacetic acid (HIDA) scan is a sensitive study for identifying the presence of bile leaks but has limited utility in planning management because of its inability to provide detailed anatomic information. Computed tomography (CT) and ultrasound are noninvasive, effective methods for detecting dilated biliary ducts; CT is particularly useful in identifying fluid collections and vascular injuries. 4, 7, 9, 13, 15 Magnetic resonance cholangiopancreatography (MRCP) is a noninvasive method for defining biliary tract anatomy proximal and distal to an injury. 13, 16, 17 MRCP can demonstrate fluid collections and MR imaging with intravenous gadolinium contrast administration can identify an arterial injury. Hepatobiliary contrast agents (e.g., gadoxetate disodium) permit detection of bile leakage in nearly all patients with this complication and can accurately localize the lesion in more than 80% of cases. Improved imaging protocols have reduced the time needed to acquire MRCP images.
15,18
ERCP is invasive and is only able to delineate anatomy distal to the site of biliary injury. Other techniques, such as MRCP, better depict upstream ducts in patients with biliary stricture or disruption. For example, ERCP is insensitive in detecting ligated/transected anomalous right hepatic bile ducts because of its retrograde approach. Additionally, ERCP cannot be used in patients with a biliary enteric anastomosis, as the anastomosis cannot typically be reached via an endoscope. The main advantage of ERCP is its therapeutic capability in placing stents and drainage catheters.
9,13
Cholangiography via a surgical or percutaneous catheter can be performed to precisely define injuries. This technique is particularly useful in determining the full extent of an injury when the injury is identified during surgery. Opacification of the bile ducts by injection of contrast through an existing biliary catheter commonly identifies the site of injury, with contrast extravasation occurring at the site. 13, 14 This technique can accurately delineate proximal duct injuries, transections/ligations of the common duct, and injuries to an anomalous right hepatic bile duct. PTHC is invasive, with an approximate 2% risk of significant complications. 19 PTHC can be both diagnostic and therapeutic, and is most useful in patients who require biliary tract decompression with placement of a percutaneous transhepatic biliary drain.
Management
Initial management of the acutely ill patient with suspected iatrogenic injury to the biliary ductal system should focus on hemodynamic stabilization. Administration of intravenous fluids; blood products, appropriate electrolytes and antibiotics is essential. 4, 13 CT is commonly used to guide initial management, as this imaging modality reliably identifies and facilitates drainage of abscesses or bilomas. Characterization of the injury often requires cholangiography. 7 Interventional approaches for managing iatrogenic biliary injuries include percutaneous transhepatic biliary drainage (PTBD) with internal/external or external drain placement (►Figs. 1-3). PTHC permits placement of drainage catheters in peripheral ducts; central duct puncture is avoided because of the risk of arterial or portal venous bleeding. Injuries to the common duct generally require a single drain, whereas hilar injuries may require bilateral drain placement (►Fig. 1). In cases of cholangitis, initial placement of an external drain proximal to the obstruction reduces the potential for septic complications via manipulation of catheters inserted across the stricture. 4,13 PTBD allows for decompression of the biliary tree while providing bridging therapy for surgical management.
1,4,7,13
Postoperative biliary strictures can be managed by placement of biliary drainage catheters with or without transhepatic balloon dilatation. Bile leaks/fistulas can be managed solely with PTBD to properly direct biliary drainage and allow the tract to resolve (►Fig. 4). 6, 9 Occasionally, bile leaks can be successfully managed with embolization (►Fig. 5). PTHC/ PTBD can also be used to manage surgical complications such as anastomotic dehiscence (►Fig. 6) or ischemic cholangiopathy (►Fig. 7). Complications of PTBD include sepsis, hemobilia, hemorrhage, bile leak, and acute pancreatitis.
19
Surgical management of iatrogenic biliary injuries varies depending on the type, severity, and location of the injury, as well as the patient's general health. Strictures of the common bile duct or distal common hepatic duct are easier to repair than more proximal injuries. 20 The Bismuth classification of biliary strictures, which is based on the most distal level of healthy biliary mucosa for anastomosis, has historically been used to determine the most appropriate method of repair and to predict outcome. 21 This classification system, however, 
1,20
In one study, 43% of referrals for repair of iatrogenic biliary ductal injuries were for problems identified at the time of surgery. 23 The indications for surgical repair included obstruction in 43% of patients, leak in 25%, and both in 5%. Other studies have demonstrated that up to 50% of injuries are diagnosed at the time of injury. 2, 4 Operative management of these injuries generally involves the creation of an anastomosis between the upstream bile structure and the jejunum (hepaticojejunostomy); this is the only option when there is a complete transection of a biliary duct. Furthermore, complex strictures and anatomic variants may leave surgery as the only option. 7, 9, 13 In one series, successful surgical repair of iatrogenic injury to the biliary tract was achieved in more than 90% of patients. 12 Failure to achieve adequate repair can lead to continued bile leak, intra-abdominal abscesses, or cholangitis, which may require a permanent indwelling biliary catheter. 7, 12 Even surgical repair is commonly associated with additional delayed complications; therefore, endoscopists and interventional radiologists have been increasingly involved in the management of these injuries.
7,9,13
Endoscopic methods for managing biliary strictures include dilatation and stenting. Multiple endoscopic procedures are often required and if technically feasible may be combined with surgical repair. Long-term outcomes with these combined approaches are excellent.
4,12,24
Pancreatic Injury
Etiology
Iatrogenic pancreatic injuries occur after placement of peripancreatic drains, biopsies, and surgical procedures such as pancreatic necrosectomy and pancreaticoduodenectomy (Whipple procedure).
25 Improvements in pancreaticoduodenectomy procedural techniques have reduced mortality to less than 5%; however, complication rates are still reported to range from 20 to 60%. 26 Postoperative complications include hemorrhage, pseudocyst, abscess, biloma, and fistula formation. When these complications are present, mortality rates are significantly increased; patients requiring surgical reintervention for management of these complications have mortality rates ranging from 13 to 60%.
26,27
Pancreatic fistulas occur from damage to the pancreatic duct resulting in an abnormal communication with drainage of pancreatic fluid. Pancreatic fistulas and leaks have been reported to occur in an average of 12.9% of patients after pancreaticoduodenectomy.
25,28
Clinical Presentation
Patients with pancreatic injury present with a variety of symptoms including pain, fever, nausea, weight loss, and persistent pancreatitis. Hypotension may be present in patients who have pancreatic hemorrhage, and elevated white blood cell count may be present in those with abscess formation.
25
Imaging
Complications resulting in pancreatic injury are often first assessed with CT imaging (►Fig. 8a, b). ERCP can be used to identify perforation of the pancreatic duct, with this injury demonstrating extravasation of contrast after cannulation. Additionally, pancreatic fistula tracts can be opacified during ERCP to determine the path of communication. 25 MRCP can be used as an alternative to ERCP in the diagnosis of pancreatic duct injury, and secretin-stimulated MRCP can assist in the diagnosis of duct disruption and detection of pancreatic duct leaks.
29
Management
Endoscopic techniques such as stent placement are the primary form of management for pancreatic ductal injuries in patients with normal pancreatic anatomy. Interventional radiologic techniques for the treatment of pancreatic injuries are mostly limited to management of postoperative fluid collections, usually with the placement of drainage catheters (discussed in the next section). 25 Such techniques have played a significant role in reducing postoperative morbidity and mortality. In one study, interventional radiological procedures reduced the need for additional surgical intervention to 2.5%.
26
Postoperative Fluid Collection
Etiology
Fluid collections, including seromas, hematomas, bilomas, and abscesses, are noted relatively commonly after surgical procedures. These may be caused by violation of intra-abdominal structures, disruption of the biliary tree secondary to direct damage, faulty anastomoses, or unsterile technique.
4,7,9,13
Clinical Presentation
Fever and other signs of infection and abdominal pain are the most frequent manifestations of a biloma or abscess formation. Fatigue, anorexia, nausea, and other nonspecific symptoms should alert the clinician to the possibility of iatrogenic complications in a patient who has undergone an abdominal procedure.
4,7,9,13
Imaging and Management
Bilomas and abscesses are often treated with drainage and placement of indwelling percutaneous catheters (►Fig. 4a, b). Access is often guided by CT, ultrasound, or less commonly, fluoroscopic imaging. Complications resulting from drain placement include sepsis, hemorrhage, and peritonitis.
13,30
If a biliary leak is identified as the underlying cause of the fluid collection, simultaneous decompression of the biliary system may be needed.
13,31
Gallbladder Injury
Etiology
Injury to the gallbladder may occur during any hepatobiliary intervention because of the gallbladder's close proximity to the liver and its association with the biliary tree. The risk of bile leak is greatest at the fundus because of its poor vascular supply. Iatrogenic perforation of the gallbladder can occur during laparoscopic cholecystectomy from laceration secondary to grasper traction or electrocautery dissection. Male sex, obesity, inflammatory changes of the gallbladder, and difficulty with hilar dissection are all associated with an increased risk of perforation during cholecystectomy. In a single institutional study, 36% (512 of 1,412 patients) of laparoscopic cholecystectomies were complicated by gallbladder perforation. 32 Another study demonstrated a 25.5% incidence of perforation. 33 Operating time and duration of hospital admission were significantly longer in patients with gallbladder perforation than those without. 32, 33 Gallbladder perforation can result in delayed infection distant to the gallbladder fossa due to dropped gallstones. The estimated incidence of abscess formation caused by dropped stones after the laparoscopic approach is $0.3%.
34
TACE can also lead to ischemic cholecystitis secondary to nontarget embolization. 35, 36 In one study, bland embolization of the right hepatic artery resulted in nontarget cystic artery embolization in 22 of 135 patients (16%)
37
; however, in another study that reviewed 355 TACE cases, the incidence of acute cholecystitis was lower ($4.9%). 38 Many operators believe the likelihood of causing clinically significant cholecystitis post-TACE to be more of the order of 1 to 2%. An uncommon cause of iatrogenic acute cholecystitis is radiation-induced cholecystitis. In a recently published series of 133 patients who underwent Y-90 radioembolization for primary and secondary hepatocellular malignancies, the incidence of clinically significant radiation-induced cholecystitis was only 0.8%.
39
Clinical Presentation
Clinically, perforation of the gallbladder results in spillage of bile and gallstones into the peritoneal cavity with accompanying infection, leading to abdominal pain and fever as well as often noting signs or symptoms of peritonitis.
Imaging
Imaging of gallbladder injuries often demonstrates inflammatory changes of the gallbladder, including mural thickening, abnormal contrast enhancement on CT scan, and pericholecystic fluid collections. Fluid collections most often occur in the subdiaphragmatic or subhepatic spaces. CT may demonstrate adjacent areas of fat stranding and inflammatory changes. In the presence of gallbladder perforation, cholelithiasis may remain within the gallbladder or spilled into the peritoneal cavity.
40
Management
Management of gallbladder injury includes cholecystectomy or percutaneous decompression. Acute cholecystitis occurring after nontarget embolization can usually be managed conservatively but may occasionally require cholecystostomy tube placement. 36, 37 Cholecystostomy tube placement is associated with a risk of hemorrhage, biloma formation, peritonitis, and sepsis.
19
A rare cause of injury to the hepatobiliary system includes radiofrequency ablation of liver tumors that can lead to seeding of tumors along the instrumentation tract (►Fig. 9). In patients undergoing radiofrequency ablation of liver tumors adjacent to the gallbladder, needle decompression of the gallbladder may reduce the risk of injury. 41 Saline infusion technique can also help to separate structures, thereby reducing the risk of this type of injury.
42
Vascular Injuries
Iatrogenic vascular injuries can occur during manipulation of hepatic arteries, hepatic veins, or portal veins.
Pseudoaneurysms Etiology
Pseudoaneurysms, also known as false aneurysms, develop from damage to an arterial wall resulting in a rupture that is contained by surrounding tissues. 43, 44 In a study at the Mayo Clinic of postoperative hepatic artery pseudoaneurysms, most occurred after hepatic (65%), biliary (30%), and pancreatic (5%) surgical and nonsurgical procedures, and were diagnosed an average of 5.7 months after the initial intervention. For pseudoaneurysms arising from the hepatic artery, the right hepatic artery was the site of 79% of pseudoaneurysms, with the remaining 21% occurring in the left hepatic, common hepatic, and cystic arteries combined. 45 The presence of bile is known to damage blood vessels, so simultaneous injury to biliary structures can delay healing of an injured artery and predispose that artery to the formation of pseudoaneurysms. 46 Cases of pseudoaneurysm after endoscopic stenting of the bile duct have also been reported.
47
Clinical Presentation
Clinical presentation of pseudoaneurysms includes hemobilia, hematemesis, and abdominal pain. In the report from the Mayo Clinic, hemobilia occurred in 76% of patients with pseudoaneurysms, hematemesis in 59%, and abdominal pain in 35%. Two patients (11.7%) were hemodynamically unstable, and two (11.7%) were asymptomatic. Rupture occurred in 76% of all patients.
45
Imaging CT of pseudoaneurysms typically demonstrates a focal collection of intravenous contrast on arterial-phase images with washout on later phase imaging (►Fig. 10). Imaging of pseudoaneurysms may also demonstrate an associated thrombus. Digital subtraction angiography of pseudoaneurysms demonstrates a contrast blush that extends beyond the normal contour of the vessel. Contrast may further extravasate if the pseudoaneurysm has ruptured.
44
Management
Pseudoaneurysms carry a significant risk of rupturing and therefore require immediate treatment, typically with placement of a stent graft or embolization. 11,43-48 Embolization was successful for 86% of the patients in whom this treatment was attempted in the Mayo Clinic series. Preservation of arterial flow by placement of an endograft is desirable, if technically feasible. Operative intervention may be required for patients in whom embolization fails; however, mortality rates are higher in these patients. 45 Ultrasound-guided thrombin injection has also been used successfully to treat an iatrogenic hepatic artery pseudoaneurysm after percutaneous transhepatic portal embolization, when subsequent embolization of the hepatic artery may have caused hepatic infarction. 49 Deployment of a covered stent into the artery covering the origin of the bleeding can result in successful exclusion of the pseudoaneurysm.
11,44,48
Hematoma
Etiology
Several surgical scenarios place patients at high risk for parenchymal injury and subsequent bleeding. There is risk of hemorrhagic injury to the liver during trocar placement and while traction is being implemented for gallbladder removal. 50, 51 Parenchymal injury causing hemorrhage may also occur during interventional procedures such as TIPS placement, PTHC, biopsy, and cholecystostomy tube placement (►Fig. 11). As many as one-third of patients experience transcapsular puncture during TIPS procedures, and 1 to 2% of these patients progress to develop intraperitoneal hemorrhage. 52 Subcapsular hematomas occur when hemorrhage is present within an intact liver capsule, resulting in mass effect on the liver parenchyma.
50
Imaging and Management
Hematomas are visualized as a hyperdense collection on CT imaging. A drain should not be placed unless the hematomas are secondarily infected and liquefied. The dual blood supply to a native liver by the hepatic artery and portal vein make infarction uncommon. 11 If branch arteries are disrupted, persistent bleeding may be treated by selective embolization using microcoils, n-butyl cyanoacrylate, Gelfoam, or particles to occlude the feeding artery (►Fig. 12).
Other Vascular injuries Arterial Dissection
Hepatic artery dissections (►Fig. 13) occur during manipulation of intravascular catheters and wires, resulting in separation of the vascular intima from the remainder of the vessel wall. 
Nontarget Embolization
Nontarget embolization of the vascular structures is a potential complication of endovascular procedures involving embolization. Nontarget embolization from particle embolization is typically treated conservatively, although occasionally surgery may be required. However, nontarget embolization of coils can often be managed by coil retrieval using a microsnare or exclusion of the coil using an endograft (►Fig. 14). 
Vascular Stenosis and Thrombosis
Vascular stenosis and thrombosis can involve the hepatic artery, hepatic veins, or portal veins (►Fig. 15). These complications may occur at vascular anastomoses or after catheter manipulation. Procedures that involve transarterial catheterization can result in localized inflammation and intimal hyperplasia, resulting in arterial stenosis or occlusion.
11
Hepatic vein stenosis may occur after TIPS placement, 52 and all hepatobiliary vessels are at risk for occlusive disease after transplantation. 11 First-line treatment for stenoses and strictures is percutaneous transluminal balloon angioplasty, which is followed by stenting when there is more than 30% residual stenosis or a persistent pressure gradient. In the management of acute thrombosis, intravascular tissue plasminogen activator (t-PA) plus mechanical thrombectomy can be used to relieve the obstruction. Chronic occlusion of vessels, however, may require surgical intervention.
Vascular Transection or Rupture
Transection or perforation of a hepatobiliary vessel during a surgical or interventional procedure is a rare complication that is often diagnosed at the time of injury. Imaging, when performed, demonstrates contrast extravasation in these cases. Interventional techniques such as stent graft placement across the injured segment or coil embolization of the acutely injured artery are useful for managing most of the vascular injuries, but a transection is typically a surgical emergency. The right hepatic artery's location directly behind the common hepatic duct, at the typical level of biliary transection, makes this artery particularly susceptible to iatrogenic injury. 
Clinical Presentation
The clinical presentation of vascular fistulas depends on the types of vessels that are abnormally communicating, etiology of the fistula, and degree of flow through the shunt. Portal hypertension may develop when the hepatic artery communicates with the portal vein, while arterial communication with a hepatic vein may lead to increased venous blood return to the heart and eventual right-sided heart failure. Gastrointestinal bleeding due to hemobilia is common, as injury to the artery and vein makes the adjacent biliary duct prone to ischemic injury.
55
Imaging and Management
Imaging of fistulas demonstrates simultaneous opacification of both vessels with early venous filling (►Fig. 16). Ultrasound with Doppler and CT are generally used to initially evaluate patients with suspected arterioportal fistulas.
55
Small fistulas are often asymptomatic and may resolve on their own, while symptomatic vascular fistulas can be treated with injection of sclerosants, placement of a covered stent, embolization, or surgical repair.
Conclusion
Injuries to the hepatopancreaticobiliary system may occur after a variety of surgical and nonsurgical procedures. Injuries to vascular structures can lead to hemorrhage or ischemia. Nonvascular injuries often result in fluid collections. Multidisciplinary treatment strategies are integral to the management of these complications. Imaging studies, temporizing procedures, and definitive treatments continue to evolve. As new technologies become available, physicians must negotiate new complications and explain the risks to patients who might otherwise assume that newer techniques are safer than the more traditional methods.
